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Objective: To audit the results for abdominal aortic aneurysm (AAA) repair from a single centre over a 13 year period. 
Design: Retrospective survey. 
Setting: Vascular unit of a major teaching hospital. 
Materials: Six hundred and seventy-one consecutive patients divided into two groups: group A (1981-87) and group B 
(1988-93). 
Chief outcome measures: Mortality rates, cause of death and major complications in patients undergoing elective, 
urgent and ruptured AAAs. 
Results: Elective repair was performed in 313 (47%) patients, urgent repair in 80 (12%) and emergency repair fo
rupture in 278 (41%). A vascular surgeon performed the procedure in 94% of patients. The overall mortality was 21 
patients in the elective group (6.7%), 13 in the urgent group (16%) and I48 in the ruptured group (53%). Mortality 
rates have not fallen during the study period but more patients in group B had ischaemic heart disease. Sixty patients 
(9%) required further operative procedures on 66 occasions: 24 elective cases (8%), 8 urgent cases (10%) and 28 ruptured 
cases (10%). There were 23 deaths in these 60 patients (38%) who underwent re-operation (5 elective, 2 urgent and 16 
ruptured). Major postoperative complications included cardiac events in 212 (32%) patients, respiratory failure in 202 
(30%) and renal failure in 90 (13%). Major causes of death included cardiac disease in 67 patients (37%), cardiac disease 
with coagulopathy in 22 (12%) and cardiac disease with respiratory failure in 16 (9%). Logistic regression analysis 
showed that in the elective group, cardiac or renal failure were significantly associated with death; and in the ruptured 
group cardiac, respiratory or renal failure were significantly associated with death. 
Conclusions: More high risk patients with ischaemic heart disease are und rgoing AAA repair. Postoperative cardiac, 
respiratory or renal failure are significant causes of death in AAA patients. 
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Introduction 
Abdominal aortic aneurysms (AAAs) occur in 3% of 
the population over the age of 50 years 14 and the 
incidence of this condition is increasing in England 
and Wales. 4The majority of AAAs remain asympto- 
matic until complications develop; the most serious of 
which is rupture which accounts for 10 000 deaths in 
England and Wales per annum. 4 The risk of rupture 
is related to the size of the aneurysm, and studies 
have shown that aneurysms ofgreater than 5.5 cm are 
at significant risk of rupture, s'6 Emergency surgical 
repair of a ruptured aortic aneurysm carries ap- 
proximately a 50% mortality in those patients who 
* Please address all correspondence to: R. D. Sayers, Department 
of Surgery, Clinical Sciences Building, Leicester Royal Infirmary, 
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reach hospital alive 7-n and has an overall mortality of 
90%. 9 In some patients warning symptoms uch as 
abdominal pain, back pain or aneurysmal tenderness 
indicate that the aneurysm is rapidly expanding and 
urgent repair can be performed before rupture occurs. 
However, even in this situation, urgent repair of these 
acute, symptomatic aneurysms still carries a mortality 
of at least 10%. 12"13 The overall mortality from AAAs 
is rising by 4% per year mainly because more elderly 
patients are presenting for aneurysm repair. I4 Elective 
surgical repair, which carries a low mortality of around 
4--8%, 8'10'I2"1s'15'16 appears to offer the greatest chance of 
reducing the mortality associated with this condition. 
Over the last 2 decades, there have been major 
advances in the treatment of AAAs based upon 
changes in preoperative diagnosis and assessment; 
intraoperative surgical and anaesthetic techniques and 
postoperative care. This study examines the surgical 
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treatment of all AAAs presenting to a single centre 
over the past 13 years in order to document he 
diagnosis, treatment, complications and mortality of 
AAAs. 
Patients and Methods 
Patients who underwent AAA repair at Leicester Royal 
Infirmary between January 1981 and December 1993 
were identified from the Leicester Royal Infirmary 
Vascular Studies Unit audit, death certificate records 
and the records of the surgical wards, operating 
theatres, intensive care unit and Accident and Emer- 
gency department. The case notes of all patients who 
underwent AAA repair were reviewed to obtain data 
on presentation, diagnosis, treatment, complications 
and survival. 
Elective surgical repair was defined as a planned 
procedure in a patient admitted from the vascular 
surgical waiting list. Urgent repair was defined as 
surgery in a patient admitted as an emergency with a 
symptomatic or tender AAA which was not ruptured 
at operation. Ruptured aneurysm was defined as a 
retroperitoneal leak or free intraperitoneal rupture. 
Mortality was defined as death during the initial hos- 
pital admission either at Leicester Royal Infirmary or 
after transfer for renal dialysis at Leicester General 
Hospital. 
Statistical analysis 
In order to examine differences in demographics, risk 
factors and presentation, the patients were divided into 
two groups: 1981-87 (group A) and 1988-93 (group B). 
In addition, logistic regression was used to identify 
associations between patient outcome (death, co- 
agulopathy, cardiac, respiratory or renal failure) and 
risk factors. Single variable analysis was performed 
first and those variables associated with outcome at 
the p<0.05 level of significance were entered into a 
multiple logistic regression model to identify those 
variables which were independently associated with 
outcome using the backward stepwise selection pro- 
cedure. 
Results 
During the 13 year period from January 1981 to 
December 1993, 689 patients underwent surgery 
for AAA at Leicester Royal Infirmary. Data was 
unavailable for 18 patients, which left 671 patients 
for further analysis. The demographic data for the 
two groups is shown in Tables 1 and 2. The preceding 
symptoms and clinical presentation of patients in 
the two groups is shown in Table 3. Preoperative 
investigations (ultrasound or CT scan) were per- 
formed in 15 out of 125 patients with ruptured 
AAAs in group A compared to 44 out of 153 in 
group B (Chi square, d f= l ,  p=0.007) (Table 4). The 
operating surgeon was a vascular surgeon in 633 
patients (94%). The maximum transverse diameter 
of AAA was 6cm (range 3.6-13cm) (measured 
in 423 patients preoperatively). There were 641 
atherosclerotic AAAs (96%) and 30 (4%) inflammatory 
aneurysms. Six hundred and fifty-nine AAAs were 
infrarenal (98%) and 12 (2%) were suprarenal. A 
graft was inserted in 638 patients (95%), 339 (53%) 
tube and 299 (47%) bifurcated. Thirty-three patients 
(5%) died during surgery before a graft could be 
inserted. Three patients were deemed inoperable; 
one elective patient (age 77 years, male, 7.6 cm AAA) 
with a suprarenal AAA extending to the diaphragm, 
one urgent case (age 76 years, male, 7cm AAA) 
with an inflammatory suprarenal AAA and one 
ruptured case (age 79 years, male) with a retro- 
peritoneal leak and infarcted small bowel. Sixty 
patients (9%) required further operative procedures 
on 66 occasions during the same hospital admission; 
these included 24 elective cases (8%), eight urgent 
cases (10%) and 28 ruptured AAAs (10%). Six patients 
returned to theatre on two occasions; two elective 
AAAs and four ruptured AAAs. The indications for 
further surgical intervention are shown in Table 5. 
There were 23 deaths in these 60 patients who 
returned to theatre (38%) (5 elective, 2 urgent and 
16 ruptured). Major postoperative complications are 
shown in Table 6. The overall median hospital stay 
was 11 days (range 1-93). The overall mortality was 
182 patients (27%); 21 elective patients (6.7%), 13 
urgent patients (16%) and 148 ruptured patients 
(53%) (Table 7). There were no significant differences 
in mortality in group A compared to group B for 
each of the three aneurysm types (elective, urgent, 
ruptured). Table 8 shows cause of death. Fifty 
patients (7%) died during surgery (2 urgent AAAs, 
48 ruptured AAAs) and one ruptured AAA survived 
the first operation but died during re-exploration 
for intra-abdominal bleeding. Multiple regression 
analysis showed that cardiac and renal failure were 
significantly associated with death in the elective 
group (both p<0.0001) and that cardiac, respiratory 
or renal failure were significantly associated with 
death in the ruptured group (all p<0.05). 
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Table 1. Demographic data for patients with aortic aneurysms between 1981-87 
(n =291). Figures in parentheses are percentages. 
Elective Urgent Ruptured Total 
Number of patients 136 (47) 30 (10) 125 (43) 291 
Males 109 26 107 242 (83) 
Females 27 4 18 49 (17) 
Median age [range] 68 [45-82] 72.5 [51-84] 71 [53-90] 
Risk factors 
Hypertension 51 12 37 100 (34) 
Ischaemic heart disease* 34 10 32 76 (26) 
Diabetes mellitus 5 1 5 11 (4) 
Cerebrovascular diseaset 11 0 13 24 (8) 
Intermittent claudication 41 3 10 54 (19) 
Smoking 
Current 60 18 40 118 (41) 
Ex 67 11 73 151 (52) 
Never 9 1 12 22 (8) 
* Angina pectoris, myocardial infarction, arrhythmia, congestive cardiac failure, 
coronary artery bypass urgery. 
f Transient ischaemic attack, amaurosis fugax, cerebrovascular accident, carotid 
endarterectomy. 
Table 2. Demographic data for patients with aortic aneurysms between 1988-93 
(n =380). Figures in parentheses are percentages. 
Elective Urgent Ruptured Total 
Number of patients 177 (47) 50 (13) 153 (40) 380 
Males 148 37 130 315 (83) 
Females 29 13 23 65 (17) 
Median age [range] 70 [52~86] 72.5 [58-90] 74 [52-89] 
Risk factors 
Hypertension 77 24 58 159 (42) 
Ischaemic heart disease* 64 19 51 134 (35) 
Diabetes mellitus 6 1 6 13 (3) 
Cerebrovascular disease~- 24 6 10 40 (11) 
Intermittent claudication 58 13 8 79 (21) 
Smoking 
Current 64 21 52 137 (36) 
Ex 98 26 90 214 (56) 
Never 15 3 11 29 (8) 
* Angina pectoris, myocardial infarction, arrhythmia, congestive cardiac failure, 
coronary artery bypass urgery. 
t Transient ischaemic attack, amaurosis fugax, cerebrovascular accident, carotid 
endarterectomy. 
Discussion 
These data show that the 671 patients in this study 
were a typical group of patients who undergo AAA 
repair in that the majority were elderly and male 
(median age 71 years, 83% male) with associated risk 
factors such as smoking,  ischaemic heart disease, 
cerebral and peripheral  vascular disease. 7'8'~°'~'15-18 
However ,  only 4% of patients in this s tudy had diabetes 
mellitus whereas patients with occlusive peripheral 
vascular disease have a much higher prevalence of 
this disease. A l though the median ages were similar 
in groups A and B, the prevalence of ischaemic heart 
disease has increased significantly f rom 26% in group 
A (1981-87) to 35% in group B (1988-93) (p =0.01, Chi- 
square, d f= 1). Overall  53% of patients in this s tudy 
were non-elective cases (41% ruptured,  12% urgent). 
This reflects the fact that LRI is the only one of the 
three acute hospitals in Leicester with an Accident 
and Emergency department  and therefore treats the 
majority of ruptured aneurysms. Other studies have 
reported that the majority of AAAs  continue to be 
operated upon  in the U.K. as emergencies ~3'15 and 
a l though a national screening programme has been 
called for, the role of screening the populat ion 2 or 
high-risk groups ~8-2° to try to reduce the numbers  of 
ruptured AAA and thus overall mortal i ty remains 
controversial. 2~,22 
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Table 3. Preceding symptoms and clinical findings in patients 
with AAAs. 
Elective Urgent Ruptured 
(n =313) (n =80) (n = 278) 
1981-87 
Number of patients 136 30 125 
Abdominal pain 26 23 115 
Back pain 34 18 96 
Distal emboli 0 1 0 
Palpable abdominal mass 122 26 120 
Mass noted by patient 29 3 5 
Shock* 0 0 84 
1988-93 
Number of patients 177 50 153 
Abdominal pain 23 40 132 
Back pain 36 37 119 
Distal emboli 0 0 0 
Palpable abdominal mass 154 44 142 
Mass noted by patient 17 2 3 
Shock* 0 1 96 
* Systolic blood pressure <100 n~nHg. 
Table 4. Preoperative investigations in 671 patients who underwent 
AAA surgery. 
Elective Urgent Ruptured 
(n =313) (n =80) (n =278) 
1981-87 
Number of patients 136 30 125 
Ultrasound scan 114 14 14" 
CT-scan 26 7 1" 
1988-93 
Number of patients 177 50 153 
Ultrasound scan 170 35 42* 
CT-scan 12 9 2* 
* p = 0.007, Chi-square, df = 1. 
CT = computer tomography. 
Table 5. Indication for further surgical intervention i'n 60 patients 
on 66 occasions. 
Intra-abdominal bleeding 25 
Lower limb ischaemia 21 
Intra-abdominal sepsis 8 
Wound dehiscence 4 
Intra-abdominal bleeding and leg ischaemia 1 
False aneurysm 1 
Hydronephrosis and hydroureter 1 
Graft infection 1 
Upper gastrointestinal bIeed 1 
Intestinal obstruction 1 
Acute renal failure (suspected renal artery thrombosis) 1 
Haematuria and clot retention-: 1 
In the elect ive group, :60 pat ients  (44%) in group  A 
and  59 (33%) in group  B had  compla ined  of abdomina l  
or back  pa in  pr ior  to operat ion.  S imi lar ly  122 (90%) 
pat ients  in g roup  A and)1514 (87%) in group  B had  a 
pa lpab le  AAA.  Althoughi:~th6se ymptoms may not  be 
re lated to the AAA,  the6  ~ lg:';evidence to show that 
26% of pat ients  who subsequent ly  present  w i th  a 
ruptured  AAA have been admi t ted  to hosp i ta l  and  
Table 6. Incidence of major postoperative com- 
plications in 671 patients. Figures in par- 
entheses are percentages. 
Cardiac 212 (32) 
Respiratory 202 (30) 
Renal 90 (13) 
Coagulopathy 48 (7) 
Ischaemic leg 23 (3) 
Deep vein thrombosis 14 (2) 
Cerebrovascular accident 12 (2) 
Ischaemic olon 8 (1) 
Wound dehiscence 6 (1) 
Pulmonary embolus 3 (<1) 
Table 7. Mortality rates for AAA repair. Figures in parentheses 
are percentages. 
Elective Urgent Ruptured 
(n=313) (n =80) (n =278) 
1981-87 
Number of patients 136 30 125 
Died 6 (4)* 6 (20)t 65 (52){ 
1988-93 
Number of patients 177 50 153 
Died 15 (8)* 7 (14)t 83 (54){ 
* p>0.05, Chi-square, df = 1. 
t p >0.05, Chi-square, df= 1. 
{ p >0.05, Chi-square, dr= 1. 
Table 8. Causes of death (n=182). Figures in par- 
entheses are percentages. 
Cardiac failure • :L 67 (37) 
Cardiac failure and coagulopathy 22 (12) 
Cardiac and respiratory failure 16 (9) 
Cardiac and renal failure 15 (8) 
Renal failure* 15 (8) 
Coagulopathy 15 (8) 
Respiratory and renal failure 11 (6) 
Respiratory failure 5 (3) 
Other+ 16 (9) 
* Renal failure was defined as a rise in the post- 
operative serum creatinine l vel of >100 mmol/1 when 
compared with the preoperative figure or the need for 
dialysis. 
t Usually a combination of the above. 
examined in the preced ing  2 years  w i thout  their  AAA 
be ing d iagnosed.  23 Thus careful  abdomina l  ex- 
aminat ion  in any  e lder ly  pat ient  admi t ted  to hosp i ta l  
w i th  abdomina l  symptoms may increase the d iagnost ic  
rate of elective AAAs .  
In most  pat ients  w i th  ruptured  AAA the d iagnos is  
is easi ly  estab l ished and  prompt  t reatment  shou ld  
not  be de layed  by  preoperat ive  invest igat ions.  A few 
pat ients  present  w i th  abdomina l  and back pain,  cardio-  
vascu lar  stabi l i ty  and  a non-pa lpab le  AAA.  If the 
d iagnos is  remains  in doubt  then the safest po l icy  is 
to proceed to laparotomy a l though the di f ferent ia l  
d iagnos is  inc ludes condi t ions  such as myocard ia l  in- 
farct ion and  acute pancreat i t is  in wh ich  emergency  
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laparotomy is inappropriate. However, better access 
to medical imaging (ultrasound or CT scan) should 
improve preoperative diagnosis of AAAs. During the 
study period, 24 h access to ultrasound in the Accident 
and Emergency department together with rapid access 
to CT scanning was introduced. This has led to an 
increase in the number of patients with suspected 
ruptured AAA (who were cardiovascularly stable) 
undergoing these investigations (12% in group A and 
29% in group B) (p = 0.007, Chi-square, df= 1). 
Fifty-nine (9%) patients underwent further surgical 
procedures on 65 occasions; the commonest indications 
being intra-abdominal b eeding and lower limb isch- 
aemia. The most common procedures performed at 
second operation were embolectomy, control of bleed- 
ing vessels and repair of anastomotic bleeding. Second 
operations after AAA repair are associated with a high 
mortalify which was 38% in this study. 3°'31 The most 
common postoperative complications were cardiac 
(32%), respiratory (30%) and renal failure (13%). The 
overall mortality was 6.7% in the elective group, 16% 
in the urgent group and 53% in the ruptured group. 
Although the mortality rates do not appear to have 
changed significantly between groups A and B, more 
high-risk patients with ischaemic heart disease under- 
went surgery in group B. 32 Mortality figures after AAA 
surgery must be interpreted with care 33 and many 
studies do not separate the urgent group. However, 
overall the results from this series are similar to the 
reports of other groups. ~-I3'15'~6 Although many of the 
deaths are caused by multi-system failure, cardiac 
causes alone account for 37% of deaths with cardiac 
events in conjunction with either coagulopathy, res- 
piratory disease or renal failure accounting for 12%, 
9% and 8% of deaths respectively. It is well established 
that cardiac events are a significant cause of post- 
operative mortality but there is also evidence to show 
that respiratory failure 34 and coagulopathy 35'36 carry 
a grave prognosis. In this series, logistic regression 
analysis showed that for elective AAAs cardiac and 
renal failure were significantly associated with death 
and for ruptured aneurysms cardiac, respiratory or 
renal failure were significantly associated with death. 
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